The leading non-zero electric moment of the nucleon strange-quark vector current is the mean square strangeness radius, r 2 s . We evaluate the lightest OZI-allowed contribution to r 2 s , arising from the kaon cloud, using dispersion relations. Drawing upon unitarity constraints as well as K + N scattering and e + e − → KK cross section data, we find the structure of this contribution differs significantly from that suggested by a variety of QCD-inspired model calculations. In particular, we find evidence for a strong φ-meson resonance which may enhance the scale of kaon cloud contribution to an observable level.
The reasons for the success of the non-relativistic quark model (NRQM) in accounting for the static properties of low-lying hadrons remains one of the un-solved mysteries of non-perturbative QCD. It has been postulated that -as far as low-energy observables are concerned -constituent quarks of the NRQM effectively account for the QCD degrees of freedom inside hadrons [1] . This suggestion may be tested, in part, by measuring observables which depend only on the sea quarks and gluons, such as the matrix element N|sγ µ s|N . By now there exists a well-defined program of parity-violating (PV) electron-nucleus scattering experiments dedicated to the determination of this matrix element [2] . Theoretically, the situation is much less clear. To date, only one result from the lattice has been reported [3] , and it appears to conflict with the recent results for the strangeness magnetic form factor reported by the SAMPLE collaboration [4] . The use of hadronic effective theory, in the guise of chiral perturbation theory (CHPT) is also limited, as chiral symmetry does not afford an independent determination of the relevant low-energy constants [5] . A third alternative -the use of QCD-inspired models -is equally problematic, and model predictions for the mean square strangeness radius ( r 2 s ) and magnetic moment (µ s ) vary considerably in magnitude and sign [2, 5] .
In this Letter, we analyze the strangeness radius using a fourth approach, namely, dispersion relations (DR's). Our objective is to identify the hadronic mechanisms which govern the leading strangeness moments without relying on QCD-inspired nucleon models. To that end, we focus on the lightest OZI-allowed contribution, which arises from the so-called "kaon cloud" or KK intermediate state. A variety of model calculations reported to date have assumed that (a) OZI-allowed processes, in the guise of virtual strange intermediate states, give the most important contributions to the leading strangeness moments; and (b) these processes are adequately described by truncating at second order in the strong hadronic couplings. In the case of r 2 s , the resultant predictions are generally smaller than would be observable in the parity-violating (PV) electron scattering experiments. Moreover, kaon cloud predictions are typically an order of magnitude smaller than those of vector meson dominance (VMD) models, which rely on the extraction of a large φNN coupling from analyses of the isoscalar EM form factors. The assumption (a) has been analyzed elsewhere and shown to be questionable [6] . With regard to assumption (b), we find that the structure of the strangeness form factors differs significantly from the assumptions underlying kaon cloud models, particularly the validity of the one-loop approximation. Using the kaon cloud as an illustrative example, we show that the scale of OZI allowed contributions depends critically on effects going beyond one-loop order, and that a proper inclusion of such effects may enhance the scale of OZI-allowed contributions to an experimentally detectable level.
Of the form factors which parameterize N|sγ µ s|N , we focus on the strangeness electric form factor G (s) E , for which we obtain our most reliable results. Since G (s) E vanishes at q 2 = 0, we write a subtracted dispersion relation for this form factor and its leading, non-vanishing moment:
where t = q 2 and t 0 begins a cut along the real t-axis associated with a given physical intermediate state. The state having the lowest threshold t 0 is the 3π state, whose contribution is nominally OZI-violating. The lightest OZI-allowed contribution arises from the KK state, for which t 0 = 4m
. Following the analysis of Ref. [7] , we express the KK contribution to the absorptive part of the electric form factor as a product of the appropriate KK → NN partial wave and the kaon strangeness vector current form factor:
Here,
K parameterizes the matrix element 0|sγ µ s|K(k 1 )K(k 2 ) , and b
is the J = 1 partial wave for KK to scatter to the state |N(λ)N (λ ′ ) with λ, λ ′ denoting the corresponding helicities.
The problem now is to determine b , the physical NN production threshold, one may in principle use KK → NN data to determine the scattering amplitude. Alternatively, we note that in this kinematic region, the unitarity of the S-matrix implies that |b λ,λ ′ 1 | ≤ 1 [7] . Given the present quality of KK → NN scattering data, it turns out to be more effective to insert the unitarity bound on b
into Eq. (3). The corresponding bound on the contribution from t ≥ 4m 2 N to the dispersion integral of Eq. (2) is negligible (see Table I ).
To evaluate b
in the unphysical region 4m , which may be analytically continued to unphysical values of t. When computed in this approximation, however, the b λ,λ ′ 1 violate the unitarity bound by a factor of four or more for t ≥ 4m
. This violation reflects the omission of important kaon rescattering and other short-distance hadronic mechanisms which render the scattering amplitude consistent with the requirements of unitarity. Given the magnitude of the unitarity violation at the physical threshold, one would infer that the BA represents a rather drastic approximation in the unphysical region and that truncation at one-loop order is questionable.
An alternate strategy, which we follow here, is to perform a fit to experimental K + N scattering amplitudes and analytically continue the results for the fit into the unphysical region. The success of this approach depends on the quality of the data, the kinematic range over which it exists, and the stability of the fit. In the case of the nucleon isovector EM form factors, for which the ππ continuum is the lightest contributing state, sufficient high-quality πN amplitudes are available to afford a reliable determination of the unphysical scattering amplitudes over a large range in t. In the case of kaons, it is advantageous to consider K + N (s-channel) amplitudes, since the analytic continuation may be performed without encountering problematic singularities occuring in the the u-channel reaction K − N. As experimental input, we use the recent phase shift analysis of the VPI-group [8] . The requisite K + N amplitudes of sufficient quality exists over the range −8m
We correspondingly expect our continuation to yield a credible estimate of the scattering amplitude for
. Although this range does not include the entire unphysical region over which one must compute the dispersion integral, it is sufficiently broad for our present purposes. Indeed, the structure we find in the continued amplitude in this region appreciably affects the kaon cloud contribution to r 2 s . We carry out the continuation by using backward dispersion relations. This method relies on the coincidence of s-and t-channel amplitudes in the kinematic domain: cos θ s = cos θ t = −1 for a given value of t, where θ s and θ t are the c.m. scattering angles. Thus, we may continue the s-channel amplitude to the unphysical region in t, and equate this amplitude with the corresponding t-channel amplitude: A(cos θ s = −1, t phys ) → A(cos θ s = −1, t unphys ) = A(cos θ t = −1, t unphys ). In performing the continuation of the backward schannel amplitude, we follow conventional procedures [9, 10] and work with the discrepancy function, ∆A:
where data exist in the range t p ≤ t ≤ 0, A exp (t) gives the experimental amplitude in this range, A model (t) gives a model for the high-energy part of the amplitude, and A pole (t) denotes the Λ, Σ pole terms, which are known exactly (the dependence on cos θ s is implicit). The function ∆A is analytic for real values of t in the range t p ≤ t ≤ 0, whereas the full amplitude has a cut in this region. For A model , we use a Regge exchange model fit [11] . The inferred high-t behavior is A model (t) ∝ |t| α , with α = −1.2, and the constant factor is determined from the highest-energy experimental point.
The continuation proceeds by replacing A(t) → Re A exp (t) in Eq. (4) and performing a fit to the experimental values for ∆A in the range t p ≤ t ≤ 0. This fit is most easily accomplished by first carrying out a conformal map t → z(t), transforming the domain of analyticity for ∆A into a circle of unit radius [12] . A convergent expansion of the amplitude is then made using Legendre polynomials, P k (z), and the coefficients determined from a fit to the experimental values for ∆A. In practice, we fit g(z(t)) = ∆A/|t| α , which divides out the high energy behavior of ∆A. The discrepancy function -and, via Eq. (4), the full backward amplitude -is then obtained in the unphysical region by evaluating the Legendre exansion for z = z(t unphys ).
The final step in obtaining b
is to expand A(cos θ t = −1, t unphys ) in partial waves, using the helicity basis as in Ref. [7, 10] . Since the amplitude is known only for one value of θ t , two auxiliary assumptions must be introduced in order to separate the b λ,λ ′ 1 from the b λ,λ ′ J =1 terms appearing in the expansion. The first assumption is that one may omit the terms involving J ≥ 2. The rationale is based upon the following: (a) the unitarity bound on the partial waves implies that the |b λ,λ ′ J | must, in general, approach a value ≤ 1 as t increases from 4m 2 K to 4m 2 N ; (b) the only significant enhancements of this general trend occur via the baryon pole amplitudes, which we include explicitly, and resonant rescattering; (c) the lightest J > 1 I = 0 resonance having a non-negligible branching ratio to the KK state is the f 2 (1270), whose mass lies near the upper end of the range in √ t for which we expect our continuation to be valid; and (d) the use of a realistic parameterization for F Our second assumption is that the remaining J = 0 and J = 1 partial waves may be separated by drawing on the work of Refs. [10, 13] . In those analyses, the strength and approximate peak position of the J = 0 partial wave were determined from KN phase shift analyses using backward dispersion relations and its generalization.
As a check on our general procedure, we reproduce the results of Ref. [9] for the πN case. Furthermore, we have tested the sensitivity of our results for r 2 s to changes of the high-energy parameter α and the truncation point of the fitted Legendre series, n. We find that the structure of the continued amplitudes and resultant value of r 2 s are stable as α and n are varied over reasonable ranges. We obtain the results shown in Fig. 1 and Table I using n = 6 and the value for α taken from the Regge model fit [11] , α = −1.2.
The results of this analysis are displayed in Fig. 1a , where we plot the kaon cloud contribution to the spectral function for r 2 s as a function of t. We give the spectral function computed using a point-like form factor (PFF) for F : (I) the BA, and (II) analytic continuation (AC) of K + N scattering amplitudes. We also show the upper limit on the spectral function generated by the unitarity bound on b
The curve obtained in scenario (II) indicates the presence of a peak in the vicinity of the φ(1020) meson, presumably reflecting the presence of a KK ↔ φ resonance in the scattering amplitude. This structure enhances the spectral function over the result obtained in the BA near the beginning of the KK cut. As t increases from 4m 2 K , the spectral function obtained in scenario (II) falls below that of scenario (I), ostensibly due to KK rescattering which must eventually bring the spectral function below the unitarity bound for t ≥ 4m 2 N . As observed previously in Ref. [7] , and as illustrated in Fig. 1a , the BA omits these rescattering corrections and consequently violates the unitarity bound by a factor of four or more even at threshold.
Turning to the kaon strangeness form factor, we note that the assumption of pointlike behavior [F K (t), one expects it to behave in an analogous fashion to F EM K (t) [7] . We therefore follow Ref. [7] and employ a Gounaris-Sakurai (GS) parameterization for F (s) K , which produces the correct normalization at t = 0 and a peak in the vicinity of the φ meson. The corresponding spectral function is shown in Fig. 1b , where comparison is made with the spectral function computed using a point-like F and of employing a realistic kaon strangeness form factor are indicated in Table I . The first line gives the kaon cloud prediction for r as a function of t, the AC/GS results represent an upper bound on | r 2 s | and carry an uncertain overall sign [7] . Hence, we give only the magnitude in Table  I .
With these caveats in mind, we observe that the use of a more realistic KK spectral function increases the kaon cloud contribution to r 2 s by roughly a factor of three as compared to the BA/PFF calculation. Moreover, the result of the more realistic computation approaches the scale at which the PV electron scattering experiments are sensitive, whereas the BA/PFF calculation (e.g., one loop) gives a result which is too small to be seen. This observation depends critically on the presence of the resonance structure near t = m (Fig. 1) . Its absence from either the scattering amplitude or kaon FF would lead to a significantly smaller magnitude for r 2 s . Given the equivalence between a one kaon-loop calculation and the BA/PFF dispersion relation calculation, we conclude that one loop model predictions rely upon an incomplete picture of the physics governing the strangeness moments. We speculate, for example, that the results of the NRQM calculation reported in Ref. [14] , which indicate a series of cancellations among different OZI-allowed contributions leading to a small value for r 2 s , may not persist when effects going beyond one-loop order are included. Our study here suggests that these effects, in the guise of resonant and non-resonant meson rescattering, set the scale of OZI-allowed contributions. The φ-meson enhancement of the KK continuum at low-t further points toward a resolution between the conflicting predictions for r 2 s obtained from kaon cloud and VMD models. This presence of significant hadronic structure in the spectral function for r 2 s also suggests that the constituent quarks of the NRQM only partially account for the the low-energy consequences of the ss sea. 
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